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Abstract Ciliates are important consumers of pico- and
nano-sized producers, are nutrient regenerators, and are an
important food source for metazoans. To date, ecological
research on ciliates has focused on marine ecosystems
rather than on glacier habitats. This paper presents the first
major study on ciliates from the Ecology Glacier (South
Shetland Islands, Antarctica). The objective of the study
was to investigate the structure and spatial distribution of
ciliate communities and to identify the environmental
factors determining the structure of the assemblages.
Microbial communities were collected from three habitats:
surface snow, cryoconite holes, and glacier streams. Sam-
pling was carried out every 3–4 days from January 17 to
February 24, 2012. A total of 18 ciliate taxa were identi-
fied. The species richness, abundance, and biomass of
protozoa differed significantly between the stations studied
with the lowest numbers in streams on the glacier surface
and the highest numbers in cryoconite holes. The RDA
performed to specify the direct relationships between the
abundance of ciliate taxa and environmental variables
showed obvious differences between studied habitats. The
analysis showed that all variables together explained
62.4 % of total variance. However, variables that
significantly explained the variance in ciliate communities
in cryoconite holes, snow, and surface streams were tem-
perature, conductivity, and total nitrogen. Further research
is required to explain the impact of biotic factors influ-
encing the presence of ciliates, including the abundance of
bacteria, microalgae, and small Metazoa.
Keywords Ciliates  Glaciers  Cryoconite holes 
Antarctica
Introduction
Glaciers and ice sheets are among the least explored sectors
of the Earth’s biosphere. The existence of glaciers and ice
sheets is determined by particular patterns of precipitation,
temperature, and topographic conditions. Glaciers are char-
acterized by low temperatures associated with the accumu-
lation of snow and/or water as ice in the accumulation zone in
winter, and the removal of ice in summer by melting, sub-
limation, and calving in the ablation zone (Anesio and
Laybourn-Parry 2012). Glacial surfaces are exposed to large
amounts of fine wind-blown particles that are cemented into
aggregates by microbial exudates. The resulting dark parti-
cles melt into the ice and form cryoconite holes, water-filled
depressions (typically 5 cm–\1 m in diameter and\0.5 m
deep) that develop on glaciers when solar-heated inorganic
and organic debris melt into the surface. There is increasing
evidence from clone libraries and microscopy studies that a
highly abundant microbial community can be found in
cryoconite holes, including viruses, bacteria, and algae
(Mueller et al. 2001; Porazinska et al. 2004; Anesio et al.
2007), and other organisms such as tardigrades, rotifers,
nematodes, protozoa, and insect larvae (Koshima 1984;
Grongaard et al. 1999). Recent investigations suggest
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that glaciers are neither sterile nor abiotic repositories of
dormant cells. In fact, they support a large number of active
microbial communities (Anesio et al. 2007, 2009) and are
distinguished by rich biodiversity. Glaciers are therefore
important for preserving the stability of ecological rela-
tionships in polar area but are among the fastest disappearing
and most endangered ecosystems in the world (Oerlemans
1986). This is of particular concern in combination with
progressive climate warming (Sa¨wstro¨m et al. 2002). Pre-
vious studies on the structure and function of glacier ecology
have focused on bacterial communities (Anesio et al. 2009),
and very little is known about ciliates and their role in these
ecosystems. In the taxonomical approach to the ecology of
algae, rotifers and tardigrades are usually studied indepen-
dently, and the focus has been on the taxonomy of the species
restricted to glaciers (Anesio et al. 2009). In contrast, little or
no attention has been given to the abundance and trophic
structure of ciliates. These microorganisms are important
consumers of pico- and nano-sized producers, are nutrient
regenerators, and are an important food source for metazoans
(Pierce and Turner 1992). Sa¨wstro¨m et al. (2002) studied
ciliates in cryoconite holes in Antarctica, and the ubiquitous
Monodinium, Halteria, and Strombidium dominated the
genera identified. Other researchers identified sphagnophilus
and soil protozoa (Foissner 1996; Petz 1997; Bamforth et al.
2005). However, the majority of ecological research on cil-
iates has focused on lake and marine ecosystems rather than
on glacier habitats (Laybourn-Parry et al. 1991; Roberts et al.
2004). These studies showed that water temperature and
nutrients were positively correlated with the density and
biomass of ciliates. However, no similar investigations have
been carried out on glaciers. One of the primary goals of the
present study was to identify the taxonomic composition and
trophic structure of ciliates occurring in cryoconite holes,
streams, and surface snow on glaciers. As reported by
Wharton et al. (1981), glacier ecosystems are distinguished
by a particular microtopography that results in a lengthwise
gradation of bacterial distribution. Similar findings could be
expected for the distribution of ciliates. In summary, the
research was undertaken to verify the following hypotheses:
(1) that the physio-chemical characteristics of water influ-
ence the species structure of ciliates on glaciers and (2) that
species richness and abundance show distinct differentiation
at various sites (cryoconite holes, ephemeral streams, and
snow).
Materials and methods
Study site
Samples were collected from Ecology Glacier, part of the
Warszawa Icefield, located on King George Island (South
Shetland Islands, Antarctic Peninsula, 62100S, 58280W)
(Fig. 1). Approximately 94 % of the island is covered with
ice and the highest point of the ice cap extends to about
650 m above sea level. The island’s climate is character-
ized by a rapid succession of eastward moving low-pres-
sure systems that transport relatively warm, humid air
toward the coast of Antarctica (Bintanja 1995). These
systems explain the relatively high annual mean tempera-
ture (2.0 C) and humidity level (82 %) at Arctowski
Station, situated on the south–eastern side of the island
(Martinov and Rakusa-Suszczewski 1989). During sum-
mer, the mean temperature is well above zero and precip-
itation varies from 500 mm year-1 at sea level to
approximately 2,000 mm year-1 at the summit of the
island (Martinov and Rakusa-Suszczewski 1989). During
the past decade, a rapid retreat of valley-type tidewater
glaciers has been observed. Birkenmajer (2002) described
the Ecology Glacier retreat in detail. It has been under
continuous recession since at least 1956, but the rate of
recession decreased to 4–4.5 m year-1 in 1988–1989.
However, it rapidly accelerated in the decade from 1989 to
1999, reaching a rate of up to 30 m year-1 (Gryziak 2009).
Sampling and laboratory analyses
A transect was established running up the ablation zone of
the Ecology Glacier, and two additional samples were
taken from the medial edges of the glacier, approximately
half way along the transect. Microbial communities
were sampled from three habitat types: surface snow
(6210.3700S, 5828.5670W, 80 m a. s. l.), cryoconite holes
(6210.4040S, 5828.5460W, 85–145 m a. s. l.), and glacier
streams (6210.2260S, 5828.2680W, 40 m a. s. l.). Surface
snow, cryoconite, and stream water and sediment were
sampled from a zone in the mid-parts of the ablation area
at around 80–145 m altitude. Additionally, two surface
snow samples were taken from an accumulation zone
(6210.4740S, 5829.2880W, [230 m a. s. l.). Sampling
was carried out every three to 4 days from January 17 to
February 24, 2012. During each sampling session, three
samples were collected from each site (surface snow—8
sites, cryoconite holes—8 sites, glacier streams—8 sites).
Samples from the upper 1–5 cm of snow were collected
using a plastic tube (diameter = 50 mm, *30 ml water
volume). Cryoconite and stream sediment and water were
sampled using a plastic pipette (diameter = 50 mm). The
volume of sediment and water extracted from each habitat
ranged from 10 to 15 ml. Three subsamples, about 10 ml
each, were pooled into a calibrated vessel to form a com-
posite sample (30 ml). Quantitative sampling and counting
were performed with classical limnological methods
using the Utermo¨hl technique (Utermo¨lh 1958). The first
subsample was retained for live analysis; then, 20 ml of
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water was immediately preserved with Lugol’s solution
(0.2 % final concentration), settled in a glass column for
24 h in the laboratory, and then concentrated to 10 ml.
Finally, organisms in 0.1 ml of the concentrated sample
were counted using a Nikon Eclipse microscope with phase
contrast at 400–1,0009 magnification. Estimates of ciliates
abundance were obtained by enumerating specimens in 300
randomly selected microscope fields. Cell sizes were
measured on 10 specimens of each species using a camera
(5 Mega pixel) attached to the microscope. The abundance
of microorganisms was calculated per 1 ml of water.
Ciliates are highly perishable, and their motility is a spe-
cies-specific feature; therefore, species identification and
measurements were made on live material immediately
Fig. 1 Location of King
George Island (a) and Ecology
Glacier (b) with the sampling
sites
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after returning to the laboratory and after silver impregna-
tion (Augustin et al. 1984). Live ciliate samples were ana-
lyzed in a 1 ml Sedgwick–Rafter counting cell under a
binocular microscope, and subsamples of dense samples
were taken with a Hensen–Stempel pipette. The species
were identified using the following methods: intravital—
coloring vacuoles with indifferent red (can color the mac-
ronucleus) and the micro- and macronucleus with malachite
green (Lee et al. 1985), and the Fernandez-Galiano
method—coloring the cell structures in ammoniacal
solution (kinetosomes, the micro- and macronucleus)
(Fernandez-Galiano 1994). Trophic identification was per-
formed following the method of Foissner and Berger (1996).
Ciliate biomass was estimated by multiplying the
numerical abundance by the mean cell volume (1 lm3 =
1 pg) calculated from direct volume measurements using
appropriate geometric formulas (Finlay 1982). Biovolumes
of ciliates were estimated by assuming geometric shapes
and converting to carbon using the following conversion
factor: 1 lm3 = 1.1 9 10-7 lg C (Gilbert et al. 1998). An
obvious shrinkage of stained ciliates was noticed with the
silver preparation. Therefore, calculated cell volumes were
multiplied by a correction factor of 0.4 (Jerome et al.
1993). The Gini evenness index was calculated because its
independence of the number of taxa per sample allowed a
better comparison between samples (Nijssen et al. 1998).
The frequency of occurrence of single species was cal-
culated as a percentage of all collected samples in which
the species was noted. All species were classified into four
groups as follows: very constant species (occurring in
61–100 % of samples), constant species (occurring in
41–60 % of samples), accidental species (occurring
in 21–40 % of samples), and accessory species (occurring
in \20 % of samples).
The similarity of ciliates between the zones was evalu-
ated using Jaccard’s method:
Sxy ¼ c
a þ b  c  100%
where Sxy is the faunistic similarity between data sets x and
y, c is the number of taxa common for sets x and y, a is the
number of taxa in set x, and b is the number of taxa in set y.
Surface snow and water samples for chemical analysis
were taken simultaneously with microbial samples. Tem-
perature, oxygen, pH, and conductivity were determined
in situ using a multifunction device equipped with an
integrated head (CX-461, Elmetron, Poland). The remain-
ing factors (total nitrogen Ntot, total phosphorus Ptot,
ammonium nitrogen N-NH4, and dissolved orthophosphates
P-PO4) were analyzed in the laboratory using a spectro-
photometer VEGA 400 equipped with a thermoreactor
(Spectroquant TR320, Merck, Germany). Concentrations of
total phosphorous and dissolved orthophosphates were
determined using a spectrophotometric method with
ammonium heptamolybdate, and concentrations of ammo-
nium nitrogen and total nitrogen were determined using
Kjeldahl’s method (Golterman 1969).
Statistical analyses
Diversity analysis (Shannon–Wiener diversity index, log10-
based) was performed using the Multivariate Statistical
Package MVSP (2002, Kovach Computing Services). All
statistical analyses were made using SAS (2001). All abi-
otic and biotic data were log-transformed to approximate a
normal distribution and to linearize bivariate relationships.
Full-factorial ANOVA was used to test for significant
effects of the three independent factors (type of micro-site,
vertical micro-distribution, and time) on ciliate species
richness and abundance. Ordination techniques were used
to describe the relationships between the abundance of
ciliates in different habitats (cryoconite holes, snow, and
surface streams) and environmental variables. An indirect
multivariate method, DCA, was used to measure and
illustrate gradients indicated by ciliate communities.
Because the length of the gradient was \3 standard devi-
ations, redundancy analysis (RDA) was used to explore the
relationship between the abundance of ciliate taxa and
physical and chemical variables (Ter Braak 1988–1992).
Principal Component Analysis (PCA) was performed to
confirm the separation of ciliate communities among
cryoconite holes, snow, and surface stream habitats. The
analysis was performed based on the abundance of ciliate
species. Automatic forward selection of environmental
variables (Monte Carlo permutation test) was used to
determine the most important variables (Lepsˇ and Sˇmilauer
2003). Variables for which the level of significance did not
exceed 0.05 were marked actively on the diagrams. The
ordination analyses were performed using CANOCO 4.5
for Windows.
Results
Environmental variables
The water temperature varied among sites and samples,
ranging from -0.05 C in cryoconite holes and surface
streams to -0.72 C in surface snow (ANOVA, F = 16.5,
p = 0.001). Statistically significant differences among the
studied habitats were found for pH, conductivity, Ptot, Ntot,
N-NH4, and P-PO4 (ANOVA, F = 14.21–16.22, p =
0.001). Among the studied habitats, the highest average pH
value (pH 8.45) was noted in the cryoconite holes and the
lowest in the surface snow (pH 6.55). Concentrations of
Ptot and P-PO4 were highest in the surface streams;
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however, the remaining parameters (conductivity, Ntot, and
N-NH4) showed highest values in the cryoconite holes
(Table 1).
Ciliate species richness and abundance
A total of 18 ciliate taxa were identified (Table 2). The
highest number of ciliate taxa (18) occurred in the cryoc-
onite holes. Lower numbers of taxa (8) were observed in
the surface streams. The diversity analysis revealed a mean
Shannon–Wiener diversity index of 0.92 ± 0.05 and a Gini
evenness measure of 0.39 ± 0.01. The highest diversity
was measured in the cryoconite holes (H0 = 1.23), and the
lowest diversity was observed in the streams (H0 = 0.03).
The mean number of taxa per sample was 6 ± 1, with a
maximum of 15 taxa per sample in cryoconite holes and a
minimum of 2 taxa in streams. Jaccard’s index of similarity
ranged from 50 to 65 %. The group of characteristic
(exclusive) taxa that occurred only in one habitat was
comparatively small. The exclusive species in cryoconite
holes were Codonella cratera, Drepamonas revoluta,
Urotricha sp., and Zosterodasys sp. The most frequent taxa
were Prorodon sp., Oxytricha sp., and Holophrya sp., and 6
ciliate taxa had frequencies \5 %. In surface snow, only
Holophrya sp. was a very constant species, and two spe-
cies, Colpoda cucullus and Paramecium putrinum, were
accidental species. The remaining 6 species were accessory
species. In cryoconite holes Cyrtophorida, Cinetochilum
margaritaceum, C. cucullus, Euplotes sp., Prorodon sp.,
Oxytricha sp., and Caenomorpha spp. occurred as very
constant species. One taxon, Holosticha pullaster, was a
constant species. There were also 5 accessory and 5 acci-
dental species. Three species, Caenomorpha spp., Halteria
sp., and Stylonychia mytilus-Komplex were very constant in
the streams. The further 2 taxa found, Amphileptus pleu-
rosigma and P. putrinum, were constant species, 1 species
was an accidental species, and 2 were accessory species
(Table 2). The ciliate abundances were also significantly
related to the type of micro-habitat, with the lowest num-
bers in the surface streams (6 ± 2 ind. ml-1) and the
highest in the cryoconite holes (21 ± 6 ind. ml-1)
(ANOVA, F = 18.5, p = 0.001). Ciliate biomass, corre-
sponding with abundances, was significantly higher in the
cryoconite holes (73 ± 11 lg C ml-1) than in streams
(34 ± 7 lg C ml-1) (ANOVA, F = 21.2, p = 0.001). The
community composition of ciliates varied greatly between
micro-habitats. Holophrya sp. and Prorodon sp. dominated
in the surface snow, while Oxytricha sp., Prorodon sp.,
C. cucullus, and Cyrtophorida were prevalent in the
cryoconite holes. In ephemeral streams, the community
was predominantly composed of Caenomorpha spp.,
S. mytilus-Komplex, and Halteria gradinella (Fig. 2).
Size classes and feeding groups
Overall, medium-sized ciliates (50–200 lm) dominated all
sampling dates and sites combined, accounting for up to
50–65 % of the total. Small species (\50 lm) represented
10–40 %, and large ciliates ([200 lm) made up 10–23 %
of the samples (Fig. 3). However, the class size of ciliates
differed clearly between micro-habitats. Medium-sized
forms dominated cryoconite holes and surface snow, while
the remaining micro-habitats were dominated by small
ciliates. Ciliate feeding groups consisted of bacterivores,
algivores, algae–diatom feeders, mixotrophic predators,
and omnivores (Table 2). Bacterivore taxa clearly domi-
nated in cryoconite holes ([40 %), while surface snow and
streams were dominated by omnivorous ciliates (50–58 %
of the total number) (Fig. 4).
Relationships between ciliate communities
and environmental variables
In the PCA diagram (Fig. 5 a, b), the first two axes separate
ciliate communities among studied habitats. Axis 1
(k = 0.510) and axis 2 (k = 0.221) explained 73.1 % of
the total variance in the ciliate data. The abundance of
ciliates was most strongly correlated with the main direc-
tion of variation (axis 1), with samples collected in
cryoconite holes (Fig. 5a). The densities of most ciliate
taxa increased toward cryoconite habitats (Fig. 5b). Axis 2
appeared to separate ciliate communities collected in
cryoconite holes from snow and surface stream habitats.
The RDA performed to specify the direct relationships
between the abundance of ciliate taxa and environmental
Table 1 Physical and chemical characteristics of the water of investigated glacier (average values January–February 2012)
Habitats Temp.
(oC)
Cond.
(ls cm-1)
pH Dissolv. oxygen
(mg l-1)
Ntot
(mg N l-1)
N-NH4
(mg N l-1)
Ptot
(mg P l-1)
P-PO4 *
(mg PO4
3- l-1)
Surface snow -0.72 0.51 6.55 8.80 0.625 0.024 0.03 0.170
Cryoconite holes -0.05 2.49 8.45 11.45 1.451 0.085 0.13 0.232
Surface streams -0.05 1.95 8.27 11.17 0.810 0.077 0.22 0.325
* Temp. Temperature, Cond. conductivity, Dissolv. oxygen dissolved oxygen, Ntot total nitrogen, N-NH4 ammonium nitrogen, Ptot total phos-
phorus, P-PO4 dissolved orthophosphates
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variables showed obvious differences between studied
habitats. All variables together explained 62.4 % of total
variance. However, variables that significantly (p \ 0.05,
Monte Carlo permutation test) explained the variance in
ciliate communities in cryoconite holes, snow, and surface
streams were temperature (k = 10.11, F = 4.11, p =
0.008), Ntot (k = 60.13, F = 4.19, p = 0.002), and con-
ductivity (k = 20.30, F = 8.10, p = 0.002). The RDA
biplot showed a direct influence of habitat on ciliate
communities (Fig. 6a, b). Axis 1 appeared to separate
ciliate taxa collected in cryoconite holes from those found
in snow and surface streams.
Discussion
A total of 18 ciliate taxa were recorded on the Ecology
Glacier. The highest number of taxa (18) was recorded in
cryoconite holes and the least (8) in surface ephemeral
streams. In contrast, on a glacier in the Arctic archipelago
Table 2 The composition and
frequence (% of samples) of
ciliates taxa found on Ecology
Glacier
* Main food explanation:
A algivores, Al algae–diatom
feeders, B bacterivores,
M mixotrophic, O omnivores,
P predators (Foissner and
Berger 1996)
Taxon Size (lm) Main food* Habitat type
Snow Cryoconite
holes
Streams
A. pleurosigma (Stokes 1884) [200 P 0 10 50
Cyrtophorida [50 B 10 100 0
C. margaritaceum (Ehrenberg 1831) \50 B, A 0 61 0
C. cratera (Leidy 1877) [50 A 10 10 0
C. cucullus (Muller 1773) [50 O 30 100 0
Caenomorpha spp. [50 B 0 100 100
Drepanomonas rezoluta (Pennard 1922) \50 B 0 30 0
Euplotes sp. [50 O 10 61 30
Halteria sp. \50 B, A 0 10 80
Holophrya sp. [50 O 100 50 0
H. pullaster (Mueller 1773) [50 B, Al 10 10 0
Oxytricha sp. [50 O 10 100 10
P. putrinum (Claparade, Lachmann 1859) [50 O 10 30 50
Prorodon sp. [200 P 30 90 0
S. mytilus-Komplex [200 O 0 30 80
Vorticella companula (Ehrenberg 1831) [50 B, A 0 10 10
Urotricha sp. \50 B, A 0 40 0
Zosterodasys sp. [200 Al 0 40 0
Total species number: 18 9 18 8
Fig. 2 Domination structure of
ciliates in investigated habitats
on Ecology Glacier (% of total
numbers)
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of Svalbard, in micro-sites dominated by cryoconite holes,
only four species of ciliates were observed (Sa¨wstro¨m et al.
2002). To date, no data are available on the comparison of
ciliates in other micro-habitats on glacier surfaces. The
number of species of ciliates increased with an augmen-
tation in the concentration of nutrients. Similar results were
obtained in Antarctic lakes (Roberts et al. 2004). The
present study revealed a significant relationship between
ciliate species richness and the type of micro-environment.
Significantly higher numbers of species were observed
in cryoconite holes than in surface snow and streams.
Cameron et al. (2011) observed a clear increase in the
Fig. 3 Percentages of the dominant size classes for ciliates in
investigated habitats on Ecology Glacier
Fig. 4 Percentages of dominant feeding groups for ciliates in
investigated habitats on Ecology Glacier
Fig. 5 Principal components analysis (PCA) biplots for Axes 1 and 2
showing: a study sites, b ciliates community. Axes are derived from
the variation in the taxonomic data—matrix. Samples collected in
studied sites are marked with an Arabic numeral: 1–7 cryoconite
holes; 8–14 snow; 15–21 surface streams (Amp—A. pleurosigma,
Cyr—Cyrtophorida, Cin—C. margaritaceum, Cod—C. cratera,
Col—C. cucullus, Cae—Caenomorpha spp., Dre—Drepanomonas
revolute, Eup—Euplotes sp., Hal—Halteria sp., Hol—Holophrya sp.,
Holos—H. pullaster, Oxy—Oxytricha sp., Par—P. putrinum, Pro—
Prorodon sp., Sty—S. mytilus-Komplex, Vor—V. companula, Uro—
Urotricha sp., Zos—Zosterodasys sp.)
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variety of species in glacial cryoconite holes in the case of
bacterial, eukaryotic, and archaeal communities. In the
ciliate assemblage, only two ciliate species constituted
common taxa, that is, they occurred in all three micro-
environments analyzed. This suggests that the taxonomic
composition of ciliates is closely related to specific sites
and depends on the physical and chemical parameters of
the micro-habitat. Ciliate species identified in this study
have also been observed in other polar regions. Halteria sp.
and Oxytricha sp. were recorded in cryoconite holes in the
Arctic (Sa¨wstro¨m et al. 2002), and Colpodea and Oxytricha
sp. also occurred in mosses and soil environments in
Antarctica (Foissner 1996; Petz 1997; Bamforth et al.
2005). Groups of characteristic (exclusive) ciliates occur-
ring in only one micro-habitat formed a comparatively low
number of taxa and also had low frequency and numbers.
Four characteristic taxa were identified in cryoconite holes:
C. margaritaceum, D. revoluta, Urotricha sp., and Zost-
erodasys sp. These species have also been observed in
ciliate communities in mezo- and eutrophic lakes and have
also been encountered in mosses in the upper soil layer
(Foissner and Berger 1996; Bamforth 2001; Mieczan
2005). According to some authors (Foissner and Berger
1996), these species occur most commonly in oligo- and
beta-mesosaprobic environments. Grolie`re (1977) studied
the occurrence of these species in peat lands in eastern
France. Similar to species richness, the number of ciliates
was also significantly higher in cryoconite holes compared
with surface snow and streams. The abundance of ciliates
observed on the Ecology Glacier was higher than that
recorded on the Canada Glacier located in the McMurdo
Dry Valleys of Antarctica (Mueller and Pollard 2004).
Certain physical and chemical properties of water in the
glacier had a clear effect on the structure of microorgan-
isms. In the present study, both the numbers and biomass of
ciliates decreased in habitats with low concentrations of
nutrients (particularly concentrations of total nitrogen) and
low conductivity. It seems that an increase in the abun-
dance of microorganisms in the cryoconite holes may be
related to more favorable nutritional conditions at these
sites. This is supported by a significant correlation between
total nitrogen content and ciliate abundance. In addition,
nutrients may have an indirect effect on the occurrence of
ciliates by controlling the abundance of potential food
(particularly bacteria and algae). The significant effect of
nutritional conditions is also supported by Zdanowski
(personal information), who found that bacterial abundance
was approximately 2–3 times higher in the cryoconite holes
than in the surface streams. Temperature is another factor
likely to substantially influence ciliate succession.
According to Finlay (1980), the growth and reproduction of
freshwater ciliates were strongly correlated with tempera-
ture. On the Ecology Glacier, temperature had a significant
influence on the number of ciliates; numbers were signifi-
cantly higher in the cryoconite holes than in other habitats.
Many ciliates occur in waters with a broad temperature
range, or are eurythermic, and higher temperature usually
causes an abundant growth of ciliates. In this study, ciliate
communities were mainly composed of Holophrya sp.,
Oxytricha sp., Prorodon sp., S. mytilus-Komplex, and
Fig. 6 Biplots of Redundancy Analysis (RDA) of ciliates a species,
b samples. Arrows marked as bolded indicate significant parameters
in Monte Carlo permutation test at p \ 0.05. Samples collected in
studied sites are marked with an Arabic numeral: 1–7 cryoconite
holes; 8–14 snow; 15–21 surface streams (Amp—A. pleurosigma,
Cyr—Cyrtophorida, Cin—C. margaritaceum, Cod—C. cratera,
Col—C. cucullus, Cae—Caenomorpha spp., Dre—Drepanomonas
revolute, Eup—Euplotes sp., Hal—Halteria sp., Hol—Holophrya sp.,
Holos—H. pullaster, Oxy—Oxytricha sp., Par—P. putrinum, Pro—
Prorodon sp., Sty—S. mytilus-Komplex, Vor—V. companula, Uro—
Urotricha sp., Zos—Zosterodasys sp.)
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Caenomorpha spp. Most of these species have been found
in lakes of various trophic types, and in ice environments
(Foissner 1996; Petz 1997; Bamforth et al. 2005). Species
belonging to Prostomatida and Cyrtophorida have also
been observed in the pelagic zone of small and large water
bodies, occasionally in running waters, and were also
commonly found in strongly contaminated waters
(Mieczan 2005). Dominance of Colpodea was observed in
moss in the Gough and Marion Islands (Foissner 1996).
The domination of this order could have resulted from its
wide ecological tolerance. In habitats with very low con-
centrations of nutrients (surface streams), Caenomorpha
spp., S. mytilus-Komplex, and C. cratera were the most
numerous species and were identified as permanent com-
ponents throughout the study period. Cyrtophorida also
contributed to the species found. However, the contribu-
tion of Oxytricha sp., Prorodon sp., and Holophrya sp.
increased with an increase in the concentration of total
nitrogen (cryoconite holes and surface snow). Species of
the genera Oxytricha and Holophrya occurred in lakes
differing in trophic status. Prorodon generally occurred
abundantly in eutrophic waters and were also observed in
humic lakes and peat bog ecosystems (Ja¨rvinen 1993). The
ciliate communities of the habitats studied contained the
greatest number of bacterivorous species and the smallest
number of algivore ciliates. This suggests that ciliates in
glacier ecosystems constitute a significant link in the flow
of matter and energy between bacteria and higher inver-
tebrates. Bacterivorous ciliates reached the highest pro-
portion in cryoconite holes, slightly smaller in surface
streams, and the smallest in surface snow. In the snow and
streams, the proportion of omnivorous species increased.
The small proportion of algivorous and algae–diatom
feeder ciliates in the habitats studied could have been
caused by problems with access to food availability. The
dominating algae were filamentous and colonial diatoms,
inaccessible or barely accessible for ciliates. The size
classes of protozoa clearly differed between individual
sites. Medium forms (50–200 lm) dominated snow and
cryoconite holes, whereas small forms (\50 lm) domi-
nated streams. Fenchel (1987) proposed that the size of
protozoa was correlated with the size of the food particle
preferred. Nanociliates (\50 lm) mainly feed on pico-
algae and bacteria. Medium-sized ciliates feed on bacteria
and small zoo- and phytoflagellates (\5 lm), while larger
ciliates prefer nanoflagellates from the size fraction
4–10 lm. Paffenho¨fer (1998) provided further evidence
that ciliates ingest particles ranging from 1/3 to 1/30 of
their actual diameter. The Ecology Glacier is dominated by
nano- and medium-sized ciliates that would prey on pico-
algae and bacteria. Similar patterns also occurred in
the Pingu¨i Pond located in Hope Bay in the Maritime
Antarctic region (Allende and Pizarro 2006).
Our study revealed the diverse character of the ciliate
community of the Ecology Glacier. A total of 18 taxa
belonging to 9 genera were identified. Ciliate species
richness and abundance decreased in surface snow and
streams, and cryoconite holes were generally characterized
by higher richness and density of these microorganisms.
Our study suggests that ciliates play an important role in
the microbial food web in glacier ecosystems. The most
common ciliate feeding groups were bacterivores and
omnivores. Temperature, conductivity, and total nitrogen
concentrations appeared to play a key role in determining
the distribution pattern of ciliate communities. Further
research is required to explain the impact of biotic factors
influencing the presence of ciliates, including the abun-
dance of bacteria, microalgae, and small Metazoa.
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